ABSTRACT We have determined the complete nucleotide sequence of a human class II histocompatibility antigen DCl gene. The gene spans more than 7 kilobases and contains five exons corresponding to the different domains of the DC,8 polypeptide. The exon-intron organization is thus analogous to that of class II antigen a-chain genes, class I antigen heavy chain genes, and the constant parts of immunoglobulin genes, emphasizing further the evolutionary relationship among these molecules. The mature polypeptide deduced from the DC.8 gene shows 93% and 88% homology, respectively, to sequences derived from two DC.8 cDNA clones of other haplotypes. The allelic polymorphism of DC.8 chains resides predominantly in the first extracellular domain, whereas the rest of the polypeptide is virtually constant. The exons of the DCfi gene display high homology to the corresponding exons of a murine I-Ar gene. Also, the introns show significant homology. The DCI3 chains lack eight amino acids in the cytoplasmic tail, as compared to DR and I-A .8 chains. This is probably due to a nonfunctional splice junction of DC13 genes, causing a separate cytoplasmic exon to be nonexpressed.
The D region of the human major histocompatibility complex (MHC) harbors genes involved in the regulation of the immune response (1) . The known products of this region, the class II antigens, are polymorphic glycoproteins composed of two dissimilar subunits: an a chain of approximately 34 ,000 daltons and a ( chain of approximately 28,000 daltons (2) . The polymorphism is primarily carried by the (3 chains (3) . Class II antigens are expressed on the surface of cells involved in various aspects of an immune response such as B lymphocytes, subpopulations of T lymphocytes, and macrophages (4) .
Three different class II heterodimers, denoted DR (2) , DC (5) , and SB (6) , have been identified by immunochemical techniques and primed lymphocyte typing. Also a fourth antigen called BR has been proposed (7) . Southern blot analyses with fragments derived from (-chain cDNA clones provide evidence that the class II family contains more than three (chain genes (8) . The exact function of the different class II antigens in cell interactions is as yet unknown.
Through cloning of cDNAs corresponding to class II antigen a and P chains, we have recently shown that the two chains display structural homology to each other as well as to class I antigens and immunoglobulins (9) (10) (11) , suggesting that these immunologically important proteins have evolved from a common ancestor by gene duplications.
As a step towards the understanding of the evolution and mechanisms for generation and maintenance of the polymorphism of class II antigens, we present here the nucleotide sequence of a human class II antigen (8-chain gene.
MATERIALS AND METHODS
Isolation of Genomic Clone. A genomic library was constructed from DNA donated by an HLA-homozygous human individual typed to be Dw4/DR4 (unpublished data) in the cosmid vector pHEP (12) . The library was screened with a 627-basepair (bp) Ava I fragment containing almost the entire coding part of the DCP cDNA clone pII-,3l [previously denoted pDR-/3-1 (9) ]. Screening of the cosmid library and growth and analysis of cosmid clones were performed as described (13) , as were Southern blot analyses (14) . DNA probes were labeled by nicktranslation (15) .
DNA Sequence Determination. Nucleotide sequences were determined with the chemical degradation procedure (16) and a modification of the dideoxy chain termination method (17) using exonuclease III and synthetic oligonucleotide primers (unpublished results).
RESULTS AND DISCUSSION
Isolation of a Cosmid Containing a DCP8 Gene. Genomic DNA from a panel of DR-homozygous human individuals has been analyzed in Southern blotting experiments using a fragment from a DCB cDNA clone as probe (8) . All blots with DNA digested with different enzymes show one strong constant band and one or two strong polymorphic bands. The (&chain gene of cosmid clone cosII-102 accounts for the strong polymorphic DCB bands of the genomic donor DNA. Thus, this clone was chosen for further characterization.
Exon-Intron Organization of the DC.8 Gene. Two overlapping fragments containing the DC(8 gene [a 7.7-kilobase (kb) EcoRI fragment and an 11-kb BamHI fragment] were subcloned in pUC9 to facilitate sequence determination (see Fig.  1 ). A restriction map of the DCB gene and the sequencing strategy are shown in Fig. 1 . Exons were localized by comparison with the DCB cDNA clone pII-(3-2 (unpublished results). The nucleotide sequence and the translated amino acid sequence are shown in Fig. 2 . The DCB gene encompasses more than 7 kb and contains five exons correlating with the different domains of the DCB polypeptide (see Fig. 3 ). The first exon corresponds to the 5' untranslated region, the signal sequence, and four amino acids of the first domain. The remainder of the first domain and the second domain are encoded by exons 2 and 3, respectively. Exon 4 encodes the connecting peptide, the membrane-spanning segment, and six amino acids of the cytoplasmic tail. The last four amino acids of the cytoplasmic tail are encoded by a separate exon also containing the 3' untranslated region. All splice junctions conform to the G-T-A-G rule (18) . Overall, the exon-intron organization is analogous to that of genes for class II lished data) and class I antigens (21, 22) , as well as to the constant parts of immunoglobulin genes (23) . This finding, together with the previously described structural homologies between the class II, class I, and immunoglobulin polypeptides (9) (10) (11) Comparison of amino acid sequences deduced from the DC(3 gene and two DC/ cDNA clones, pll-,-1 (9) and pII2-2 (11) . The standard.
one-lettercode is used; a horizontal line indicates identity with the amino acid in the sequence above it. Arrows show exon boundaries. The boundary between the signal peptide and the mature protein and -the boundaries of the membrane-spanning segment are marked with vertical bars. The glycosylation site. is within the box. homology, respectively. Thus, within one subset of class II A3 chains, the first extracellular domain carries most of the allelic polymorphisms, whereas the second domain appears virtually constant (25) (29) . Models involving either positive selection favoring substitutions leading to amino acid replacements (26) or suppression of silent mutations (28) have been proposed. Whereas the class I antigen polymorphism may be due partly to gene conversion events (30, 31) , the DCP pattern of nucleotide substitutions is consistent with multiple independent mutational events, as has been suggested for the immunoglobulins (27) Significant homology can also be detected in parts of intron 1 and intron 2 by using a computer alignment program (34) .
Promoter Region. The transcriptionally important DNA sequences G-G c-C-A-A-T-C-T (CAT) and TATA are expected at about 70 bp and 30 bp upstream from the cap site of transcribed genes, respectively (18) . Because no full-length DCP cDNA clone is available that can define the cap site, assignment of these elements can only be tentative. A computer comparison of the 5' part of the DC13 gene with the corresponding region of the AP gene aligns a TATA-like sequence and a possible cap sequence with the proposed Ad TATA and cap sequences, respectively (33) . These putative TATA and cap elements, as well as a CAT-like sequence, are underlined in Fig. 2 . Provided the proposed cap site is correct, the DCP mRNA will have a 5' untranslated region of 329 nucleotides, unless an intron occurs in this region. The homology between the DC13 gene and the AP3 gene in the region extending from the putative cap sites to the initiation codons is about 60%, counting insertions as mismatches.
The nucleotide stretches flanking the first domain exon are extremely rich in G+C, a feature shared with the nucleotide stretches flanking the first domain exon of the AP3 gene (33) as well as the first and second domain exons of class I heavy chain genes in man (21) and mouse (22) , but not of the DRa (19), IEa (ref. 20; unpublished data), and P32-microglobulin (35) genes.
The significance of the G+C-rich stretches is unclear. However, it is interesting to note that they flank exons encoding polymorphic domains.
Concluding Remarks. The DC(&chain gene reported here corresponds to the highly polymorphic DC3 gene detected in Southern blotting analyses of genomic DNA. The gene displays all the characteristics of. a functional gene. The polymorphic region of DC13 chains is predominantly located in the first extracellular domain. The exon-intron organization of the DC(3 gene is similar to that of class II antigen a-chain genes, class I antigen heavy chain genes, and the constant parts of immunoglobulin genes; the similarity supports previous evidence for an evolutionary relationship among these molecules.
